Inhibition of tumor necrosis factor-[alpha]-induced SHP-2 phosphatase activity by shear stress: a mechanism to reduce endothelial inflammation.
Atherosclerosis preferentially occurs in areas of turbulent flow, whereas laminar flow is atheroprotective. Inflammatory cytokines have been shown to stimulate adhesion molecule expression in endothelial cells that may promote atherosclerosis, in part, by stimulating c-Jun N-terminal kinase (JNK) and nuclear factor (NF)-kappaB transcriptional activity. Because Src kinase family and Src homology region 2-domain phosphatase-2 (SHP-2) may regulate JNK activation, we studied the effect of shear stress on endothelial inflammation and JNK. Human umbilical vein endothelial cells preexposed to flow showed decreased tumor necrosis factor (TNF)-alpha-induced c-Jun and NF-kappaB transcriptional activation. TNF-alpha-mediated JNK, c-Jun, and NF-kappaB activation required Src and SHP-2 activity. Shear stress significantly inhibited SHP-2 phosphatase activity without affecting TNF-alpha-induced Src family kinase activation. Because MEKK3 and Gab1 are critical for TNF-alpha-induced c-Jun and NF-kappaB activation, we determined the role of SHP-2 phosphatase activity in MEKK3 signaling. A catalytically inactive form of SHP-2 increased MEKK3/Gab1 interaction and inhibited MEKK3 (but not MEKK1)-mediated c-Jun and NF-kappaB activation. These results suggest that SHP-2 is a key mediator for the inhibitory effects of shear stress on TNF-alpha signaling in part via regulating MEKK3/Gab1 interaction, MEKK3 signaling, and subsequent adhesion molecule expression.